Introduction
Studies on tumor pathology emphasize the existence of tumor microenvironment (TME) apart from a homogeneous collection of neoplastic cells. TME describes the extracellular matrix (ECM), stromal cells, surrounding blood vessels, numerous signaling molecules, and proteolytic enzymes in tumor. 1, 2 Stromal cells in TME interact with tumor cells by affecting chemoresistance, ECM remodeling, abnormal angiogenesis, epithelial-mesenchymal transition, neoplasm metastasis, and recurrence. 3, 4 Among these stromal cells, abundant cancer-associated fibroblasts (CAFs) are characterized with contractile feature. 5 They are recruited and activated during whole tumor progression. During the transition to premalignant dysplasia, fibroblasts become activated. When it progresses to carcinoma, fibroblasts differentiate into myofibroblasts (CAFs) with expression of growth factors, matrix components, and degrading proteases promoting tumor growth. 6 They protect tumor cells from chemotherapy, [7] [8] [9] promote tumor invasion by remodeling the ECM structure, 10, 11 and affect angiogenesis etc. In the case of most solid tumors, CAFs not only interact with tumors cells to communicate signals for tumor progression but also erect tough "walls" that contain enhanced collagen deposition and fibrosis in ECM to hamper drug delivery. 12, 13 The interstitial fibrosis and a contraction of interstitial space mediated by CAFs probably result in high interstitial fluid pressure (IFP) in the tumor, 14, 15 which aggravates the drug diffusion dilemma. More than that, abnormal neo-vasculature related to imbalanced angiogenic signals secreted by CAFs serves a bad role to block drug delivery. [16] [17] [18] Because of these obstacles in the TME, passive targeting nanoparticles may fail to achieve good penetration into the inner part of tumors. Therefore, the targeting at CAFs may help to overcome TME barriers, leading to enhanced nanoparticle delivery efficiency in tumors. [19] [20] [21] In this study, we focus on a combination therapy of tranilast for TME normalization and docetaxel (DTX) for killing tumor cells. Tranilast is a clinical anti-fibrotic agent. 22, 23 It can inhibit fibrosis in cancer and reduce angiogenic factors like vascular endothelial growth factor (VEGF), stromal cell-derived factor-1, and transforming growth factor (TGF)-β1 overexpressed in tumor. [24] [25] [26] Scheme 1 illustrates our proposed two-stage combination therapy (TC therapy); as shown, the solid tumor is well organized with crowded neoplastic cells and stromal cells, surrounded by a large number of active CAFs and aberrantly tortuous blood vessels. Prior administration of tranilast is carried out to downregulate CAFs' activity, cut off CAFs' intercommunication with tumor cells, and induce vascular normalization as well. Then, DTX micelles arrive at the tumor tissue via nearby veins. Micelles are passively detained at the tumor as a result of the enhanced permeability and retention (EPR) effect and further diffuse into the inner part to kill tumor cells.
Our work demonstrated that tranilast-assisted therapy inhibited intractable 4T1/3T3 mixed cells, detached CAFs (d-CAFs), and three-dimensional (3D) mixed tumor spheres growth and tumor cell migration in vitro. After the two-stage therapy in vivo, reduced IFP, normalized microvessels, and decreased active CAFs helped to enhance docetaxel micelles cell culture Breast cancer 4T1 cells and fibroblast 3T3 cells were obtained from American Type Culture Collection, Manassas, VA, USA and were cultured in DMEM or RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS), and 100 U/mL penicillin and streptomycin.
As for the co-culture system of 4T1/3T3 mixed cells, 4T1 and 3T3 cells were harvested and mixed at a ratio of 1/3. Mixed cells were cultured in 1640/DMEM (mixed ratio were 1/3) complete culture medium.
d-caF cells from 4T1 tumors in mice
d-CAF cells were derived from 4T1 tumor bearing mouse according to a method described previously. 27 In brief, 4T1 cells were injected into the mouse armpit to harvest tumor tissues (.2,000 mm 3 ). Tissues were cut into small pieces (,1 mm 3 ) with sterilized surgical instruments and incubated with DMEM medium containing 0.1% type I collagenase, 5% FBS, and 2% penicillin and streptomycin for 3 hours at 37°C. Then, the cell suspension was filtrated, centrifuged, and finally resuspended in a culture flask. Cells adhering to the flask bottom within 20-30 minutes were thought to be d-CAFs, while non-adherent cells were abandoned. The culture process was repeated five times to achieve nearly pure d-CAFs. The obtained cells were used within 10 passages. The certification of d-CAFs is described in Supplementary materials.
Preparation and characterization of DTX-Ms
The micelles were prepared via film hydration method. 28, 29 DTX and PEG-PCL were dissolved in acetonitrile and the dissolvent was removed through rotary evaporation to form a thin film; then, physiological saline was added for vortex and ultrasonic process. They were filtrated through a 0.22-µM filter membrane to obtain DTX-Ms. Using the same method, DiR-loaded micelles (DiR-Ms) were prepared.
A dynamic light scattering system (Malvern Zetasizer 3000HS; Malvern Instruments, Malvern, UK) was used to measure the diameter and zeta potential of DTX-Ms. Micelles morphological features were observed via a transmission electron microscope (TEM, JEM-2100F, 200 kV; JEOL, Tokyo, Japan).
construction of mixed tumor spheres
The two-cell-type mixed tumor spheres comprised 4T1 and 3T3 cells. Briefly, 2% (w/v) agarose dissolved in serum-free DMEM formed a gel layer at the bottom of 48-well plates and each well was filled with the culture medium. 4T1 and 3T3 cells were collected to obtain a mixed cell suspension at different ratios (3/1, 1/1, 1/3, and 1/5, respectively). Twenty microliters of cell suspension formed dew-like liquid drops on the plate lid for 48 hours incubation. Cells aggregated into cellular congeries on plate lid and then they were transferred into plate chambers for another 24 hours. To certify mixed tumor spheres, 3T3 cells were pre-stained with cell fluorescent probe DiO (green fluorescence). Mixed tumor spheres were photographed with a confocal laser scanning microscope (CLSM).
International Journal of Nanomedicine 2018:13 submit your manuscript | www.dovepress.com
Dovepress

5974
Pang et al combination therapy regimens illustration
The following experiments were conducted according to alternative combination therapy regimens. One was a co-dose combination therapy (CC therapy) that meant tranilast and DTX-Ms were administrated simultaneously. The other was TC therapy, indicating that tranilast was pre-dosed with proper time interval (TI) before DTX-Ms. cytotoxicity test 4T1, 3T3, 4T1/3T3 (1/3) mixed cells, and d-CAFs were initially seeded in 96-well plates (5,000-8,000 cells per well). After overnight incubation, a series of tranilast, DTX-Ms, or drug combinations was added. In order to reduce the vehicle's (DMSO) effect on cells, the final concentration of DMSO was controlled below 0.2% (v/v). MTT (5 mg/mL) was added after 48 hours incubation. The plates were placed in the dark for 4 hours at 37°C. After emptying the plates, 200 µL DMSO was pipetted into each well. MTT formazan was dissolved entirely for 10 minutes in the dark, and the absorbance at 570 nm was measured to calculate the inhibition rate.
cell scratch wound assay 4T1 or 3T3 cells (1×10 6 /mL) were incubated overnight in 6-well plates to grow to confluence, then a thin wound was introduced by scratching with a pipette tip. The system was transferred into low FBS (2%) culture medium to reduce the effect of cell proliferation on experimental results without destroying cell viability. Tranilast (200 µM), DTX-Ms (10 µM), or a drug combination was added. Images were captured at 10 and 20 hours and interval lengths were semiquantitatively analyzed with the software Image J 2.1.4.7 (National Institutes of Health, Bethesda, MD, USA).
Antitumor efficiency in mixed tumor spheres
Mixed tumor spheres (4T1 and 3T3 mixed at 1/3) were processed with PBS, tranilast, DTX-Ms, CC therapy, and TC therapy (TI =24 hours). The final concentrations of tranilast and DTX-Ms were 2,000 and 100 µM, respectively. Tumor spheres width (W) and length (L) were monitored every day. The sphere volumes were calculated according to the formula: volume =1/2×W animal model and antitumor therapies in vivo BALB/C female mice were subjected to 4×10 6 4T1 cells injection subcutaneously at the right armpit. After tumor volume increased to 150-200 mm 3 , mice were divided into five groups (n=9) randomly and underwent various treatments. Tranilast in 0.5% sodium carboxyl methyl cellulose was administrated by gavage at 100 mg/kg per time, except for CC therapy (tranilast was administrated at 300 mg/kg once to keep the total dose constant). DTX-Ms were dosed via tail vein injection at 10 mg/kg per time. Tumor volume were recorded: volume =1/2S 2 L. S means short diameter of tumor and L means long diameter of tumor. Growth inhibitory effects (GIE) were calculated by comparing the mean tumor volume of each treatment (V T ) with the volume of control (V C ), GIE = (1-V T /V C )×100%.
At the end of the last treatment (day 21), the tumor and organs were detached to obtain tumor and organ coefficients according to the formula: coefficient = tumor or organ weight/ body weight ×100%.
IFP and micellar distribution in tumor
In IFP assay, mice (n=3) were anesthetized with chloral hydrate on day 19. IFP was measured with the aid of a wickin-needle IFP measuring instrument. 30 On day 20, mice (n=3) were injected with DiR-Ms intravenously to conduct an in vivo imaging test through noninvasive in vivo imaging systems (IVIS) spectrum. Mice were photographed at 2, 6, and 24 hours. The radiant efficiencies at the tumor site were analyzed with IVIS spectrum system software (Living Image 4.3.1, PerkinElmer Inc., Waltham, MA, USA).
Vascular perfusion, immunofluorescence, and h&e assays FITC-lectin was injected intravenously on day 21 to indicate the tumor vascular system. Tumors (n=2) of DTX-Ms or TC therapy were removed 1 hour after injection to prepare frozen sections, and the sections were stained with Hoechst 33258 (10 µg/mL) to direct nuclei.
For the immunofluorescence assay, the sections were permeated in Triton-X 100 following PBS washing, methanol (containing 10% H 2 O and 10% H 2 O 2 ), and 2% BSA solution. Sections were treated with the primary antibody for overnight incubation and secondary antibody for 1 hour incubation. Cell nuclei were stained with Hoechst 33258 (10 µg/mL). All results were monitored via a CLSM.
For the H&E assay, the tissues were embedded into paraffin and 5-µM thick sections were prepared. Before staining, the sections were dewaxed in xylene and rehydrated by decreasing concentrations of ethanol. Then, the slides were washed in PBS, stained with H&E, and observed with an inverted fluorescence microscope (Olympus IX73; Olympus Corporation, Tokyo, Japan).
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Two-stage therapy improve anti-tumor efficiency statistical analysis All data obtained were analyzed with IBM SPSS Statistics 19.0 (IBM Corporation, Armonk, NY, USA) and presented as mean ± standard deviation. One-way or two-way analysis of variance was performed according to statistical methods. A P-value ,0.05 was considered significant (*), while P-values ,0.01 were regarded as highly significant (**).
Results
Preparation and characterization of DTX-loaded micelles
DTX has poor solubility, short elimination half-life, and low permeability, belonging to class IV of the Biopharmaceutical Classification System. 31, 32 Biodegradable and biocompatible PEG-PCL micelles were employed as DTX vector because of their capability of i) increasing drug solubility and stability; ii) maintaining longer residence time in vivo; iii) penetrating tumor vessels and targeting tumors via the EPR effect; and iv) reducing nonspecific organ toxicity. [33] [34] [35] Blank or drug-loaded micelles, 25-30 nm in diameter, demonstrated narrow distribution (polydispersity index ~0.17) and neutral zeta potential (Table 1) . DTX loading capacity was up to 80% at the drug-lipid proportion of 1:20 (Table 1) . TEM images indicated that the micelles were spheroids approximately ( Figure 1 ).
combination therapy enhances antitumor effects in intractable 4T1/3T3 mixed cells and d-caFs DTX aims at tubulin to cause a stabilization of microtubules and thereby results in cell-cycle arrest, mitosis damage, and apoptosis.
36 4T1 were treated with free DTX and DTX-Ms for 48 hours in the presence or absence of tranilast ( Figure 2A ). DTX and DTX-Ms resulted in proliferative inhibition on 4T1 in a dose-dependent manner, and DTX-Ms revealed priority over free DTX in the range of 1.25-10 µM. Tranilast inhibits cell proliferation through cell cycle arrest beyond G1/S phase to interrupt protein synthesis at high concentrations. 37, 38 As DTX and tranilast acted on differed targets, theoretically, their actions on the tumor were relatively independent. The combination therapy ratio of DTX and tranilast was set at 1:20 (mol/mol) according to previous researches. 39, 40 The addition of tranilast in a 20-fold mole ratio of free DTX or DTX-Ms (1.25-20 µM) stimulated greater cytotoxicity (Figure 2A ), revealing tranilast's synergistic effect on antitumor cell proliferation.
CAFs detached from 4T1 bearing mice (d-CAFs) have proved their fibrous feature of elevated α-SMA and PDGFR-β protein expression ( Figure S1 ). A series of DTX-Ms (1.25-40 µM) and/or tranilast (25-800 µM) were added into 4T1, 3T3, 4T1/3T3 mixed cells, and d-CAFs to study the feasibility of combination therapy. Data are displayed in Figures 2B and S2 . Obviously, DTX-Ms, tranilast, and the combination therapy demonstrated good antiproliferation effects on 4T1 and 3T3 cells. However, for 4T1/3T3 mixed cells and d-CAFs, DTX-Ms showed a much weaker antiproliferation effect. This may imply that crosstalk between tumor cells and fibroblasts induces 3T3 to become CAF-like and 4T1 to become chemoresistant. 41 The off-target of DTX-Ms on d-CAFs might be due to lower differentiation and proliferation of fibroblasts. Combined administration exhibited dose-dependent inhibition on intractable 4T1/3T3 and d-CAFs at the listed concentrations. With DTX-Ms 10 µM and tranilast 200 µM for example in 4T1/3T3 and d-CAFs (Figure 2C ), 3.14-fold and 2.64-fold inhibition rate was found for the combination therapy compared with DTX-Ms alone, 1.35-fold and 1.37-fold compared with tranilast alone. We obtained a combination index (shown as q-value) (Supplementary materials) to evaluate the combination efficacy. For 4T1 and 3T3, DTX-Ms and tranilast manifested an additive effect at most concentrations. Specially, addition or even synergism was shown at all listed concentrations on 4T1/3T3 mixed cells and d-CAF (Table S1) .
combination therapy decreases cell migration
In malignant cancer, metastasis is a tricky problem due to its abundant stromal components. 42 Tumor cell mobility is a symbolic character of metastasis. After scratching, cells on the edge of a wound are inclined to migrate toward the vacant site, making the scratch heal ( Figure 3 ). 4T1 cells have an aggressive trait 43 while 3T3 cells are weakly migratory. The scratch healing of 3T3 was completely inhibited Figure 2C ), which might cause some interference on cell migration inhibition. However, the photographs show that cell viability was still relatively good at 10 and 20 hours. This meant that the drugs mainly caused the migration inhibition without destroying cell health.
combination therapies inhibit 3T3/4T1 mixed tumor spheres growth
Tumor cells cultured in 3D model feature cell polarity, cell differentiation, and various kinds of signaling cascades. 44, 45 Mixed tumor spheres of diverse ratios were fabricated through the pendant drop method as described earlier. 46 As the ratio of 3T3 increased, tumor spheroids became compactible with sharp edges ( Figure S3A ). Pre-stained 3T3 by DiO showed uniform dispersion of heterogeneous cells in spheres ( Figures 4A and S3B) . We chose 1/3 as the ratio of 4T1/3T3 mixed tumor spheres for the following assays. At this ratio, Tc therapy decreases IFP, normalizes microvessels, and destroys active caFs in tumor
As shown in Figure 5A , five treatments were conducted on 4T1 tumor bearing mice until TME formation. 47 mice (n=3) were anesthetized to test IFP. The IFP of control was extraordinarily high, while the other four contributed to decrease IFP dramatically (P,0.05) ( Figure 5B ). Particularly, TC therapy caused the strongest inhibition on IFP (decreased 51.7% to control).
FITC-lectin was intravenously injected via the tail vein to visualize the microvascular system. Only microvessels with valid blood perfusion could be marked with green fluorescence. 48, 49 After DTX-Ms treatment, microvessels at the tumor periphery showed abnormal capillaries structure 
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Pang et al with thinned endothelial cells and lack of pericyte support ( Figures 5C and S4) , which implied weak perfusion ability. 50 Nevertheless, in TC therapy, tumor vessels showed a wellorganized vascular structure with valid blood perfusion. Detailed results are presented in Figure S4 . The fluorescence intensity of the TC therapy perfusion level was 2.42 times higher than that of DTX-Ms ( Figure 5D ).
In order to find out the relationship between TME alteration (means IFP reduction and vascular normalization herein) and CAFs, we chose CAFs protein marker α-SMA to study CAFs accumulation in tumor. Although CAFs are composed of multi-resource subtypes, α-SMA-positive fibroblasts can be considered as the dominating CAFs. 27 As shown in Figure 5E , CAFs displayed at the tumor periphery mainly act as a tough barrier for the tumor. Red fluorescence indicated α-SMA protein decrease after tranilast and DTX-Ms treatments. Particularly, TC therapy demonstrated minimum α-SMA expression. The fluorescence intensity of DTX-Ms, tranilast, CC therapy, and TC therapy decreased 16.3%, 41.5%, 58.3%, and 64.8%, respectively, compared with the control (Figure 5F ).
Tc therapy improves micelles retention in tumor
The superiority of micelles delivery lies in their passive targeting at the tumor site; yet, dense stroma and elevated IFP hamper micelles from penetrating into the tumor. 51 After TC therapy, microvessels and IFP were normalized, and the penetration and retention of micelles in tumor should have been increased. In order to verify this hypothesis, mice (n=3) were injected with simulative micelles DiR-Ms to observe micelle retention in tumor. Mice were photographed via IVIS at 2, 6, and 24 hours after injection ( Figures 6A and S5 show more details). DiR-Ms were passively targeted at the tumor due to EPR effect. The radiant efficiency in control, tranilast, and TC therapy was greater than that in DTX-Ms and CC therapy ( Figure 6B ).
combination therapies inhibit tumor growth and metastases in vivo
In this malignant case, tranilast showed little tumor growth inhibition ( Figure 7A ) compared with control. For TC therapy, tumor volume growth inhibition became noteworthy ( Figure 7A ) and the GIE of TC therapy was 32.0% at day 20, higher than DTX-Ms (15.3%) and CC therapy (17.5%). The consequence of tumor coefficients ( Figure 7B ) was in agreement with tumor volume alteration. Five days after all treatments were completed, the tumor weight coefficient of TC therapy decreased 58.0% compared with control, higher than DTX-Ms (47.9%) and CC therapy (27.2%).
Breast cancer cells may metastasize and relapse even after removal of the primary tumor. 52 4T1 tumor model metastasizes to the lung or bone via the hematogenous route. 53, 54 After DTX-Ms, CC therapy, and TC therapy treatments, no obvious metastases were found ( Figure 7C ). However, there were legible metastasis nodules in control and tranilast regimens.
combination therapies without severe toxic action in vivo
The body weight of every mouse was recorded. Except that the weight of control increased for tumor growth, the body weight in the other four treatments fluctuated within the range of 16-18 g ( Figure 8A ). Organ coefficients did not show significant difference among these groups ( Figure 8B 
Discussion
Breast cancer is characterized by a rich tumor environment. 55 CAFs surround tumor nests to form a tough barrier protecting cells from traditional chemotherapy. 56, 57 This research focuses on a promising scenario of combination therapy, consisting of CAFs inhibitor tranilast and antitumor agent DTX delivered in micelles. Tranilast aims at targeting CAFs to dismantle stromal barrier as well as intercommunication between CAFs and tumor cells, normalizes TME, and thus makes way for the following DTX-Ms.
DTX is delivered in 30-nm micelles for the reason that large sizes hamper nanoparticles from penetrating into the tumor core, and very small sizes (,8 nm) cannot avoid renal filtration. 58, 59 Besides, proper small sizes are necessary to verify microvessels normalization effect on drug delivery improvement. 60 Neutral zeta potential is favored because nanoparticles with a zeta potential ranging from -20 to +10 mV distribute homogenously in the tumor for ECM presenting an electrostatic bandpass to suppress diffusion of positively and negatively charged particles. 61 As shown in Figure 2 , DTX-Ms presented low inhibition ability on 4T1/3T3 and d-CAFs, but the antiproliferation effect could be strengthened by the combination therapy. Besides, the combination therapy weakened the high migration property of 4T1 cells (Figure 3) , which showed potential in decreasing tumor metastasis. Combination therapy stood out in antitumor potential in vitro especially when tumor cells and CAFs coexisted (Figure 4) .
Various treatments decreased tumor IFP ( Figure 5B) ; however, the mechanisms behind this were differed. Tumor sizes of control and tranilast groups were similar, but their IFPs were different. Tumor size is not the only reason affecting IFP; dense stroma (ECM deposition), microvascular density, and abnormal angiogenesis work in a comprehensive way. 18, 62, 63 CAFs have been proved to promote ECM production to increase interstitial and mechanical pressure to elevate IFP. 9, 64, 65 Disruption of active CAFs ( Figure 5E and F) may account for IFP reduction via ECM reduction.
CAFs are thought to highly express angiogenic stimulators like VEGFs, TGF-β, platelet-derived growth factors etc. [66] [67] [68] In tumors, imbalanced action of highly expressed angiogenic stimulators exceeds the action of angiogenic inhibitors. The imbalance results in functionally and structurally abnormal tumor microvessels that are unable to deliver drug efficiently. 68 Studies propose that the application of antiangiogenic agents can rebuild the balance and normalize tumor vasculature, increasing the penetration of drugs throughout the tumor to enhance chemotherapy outcome. 68 In our study, the downregulation of CAFs by tranilast potentially reduced angiogenic stimulators to rebuild the balance and restored normalized vasculature. Through TC therapy, FITC-lectin perfusion ( Figure 5C and D) presented an integrated microvascular structure and enhanced blood perfusion compared with DTX-Ms. Thus, targeting at CAFs ( Figure 5E and F) would help to decrease IFP and restore well-organized capillaries ( Figure 5C and D) .
Previous studies has proved that angiogenesis can be weakened by inhibiting CAF-secreted cytokines and microvessels in the tumor can be normalized to increase micelles penetration. 69, 70 On this basis, highly enhanced micelle retention was observed in TC therapy (Figure 6 ), which was thought to correspond to IFP reduction and microvessels normalization. The control and tranilast groups also showed high radiant efficiency for remarkable EPR effect in breast 
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Two-stage therapy improve anti-tumor efficiency cancer as a result of high vascular density. 71, 72 However, the radiant efficiency in CC therapy was low. We tested the simultaneous administration of DTX-Ms and tranilast on EA.hy926 (Supplementary materials) and proved the remarkable toxicity of combined compounds on endothelial cells ( Figure S6 ), which might destroy vessels function. [73] [74] [75] The EPR effect in tumors is an extremely complex process with many factors and cannot be fully explained by this experiment.
Antitumor efficacy in the tumor model showed that TC therapy caused the strongest inhibition on tumor volume growth ( Figure 7A ) without noticeable lung metastasis ( Figure 7C ) and severe systemic toxicity (Figure 8 ). Antitumor effect of TC therapy lasted 5 days even after the treatments were completed ( Figure 7B) . The difference between tranilast and tranilast-assisted treatments indicated that tranilast alone was not enough in antitumor trials, but it could strengthen DTX-Ms' antitumor effect. Previous researches demonstrate that the mechanism of tranilast involves TGF-β signaling and TGF-β-Smad2/3 signaling in TME stands out to mediate CAFs transition and properties acquirements. 40, 76, 77 So, tranilast should be utilized as an adjuvant medicine together with an antitumor agent in prior administration to achieve better effects.
Taken together, the TC therapy offers new scope in antitumor treatment. Studies also suggest that the two-stage therapy deserves further analyses on appropriate dose, effective treatment window, therapeutic TI, as well as the molecular mechanisms on stroma and tumor.
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Supplementary materials supplementary experimental procedures
Characterization and certification of d-CAFs detached from 4T1 tumors in mice CAFs were obtained from 4T1 tumor bearing mice named d-CAFs purified for five passages. To identify d-CAFs, the fifth-passage cells were cultured in glass bottom culture dishes for 24 hours, fixed with 4% paraformaldehyde, and permeabilized by 0.2% Triton-X 100. Then, α-SMA and PDGFR-β primary antibodies (1:500 dilution) were added for overnight incubation at 4°C, followed by secondary antibody Alexa Fluor ® 647 dye (1:500 dilution) incubation. The cell nuclei were stained with Hoechst 33258 (10 µg/mL) for 30 minutes in room temperature. Normal fibroblast 3T3 cells and tumor 4T1 cells were stained at the same time as positive and negative controls, respectively. All cells were observed using a CLSM (TCS SP8 MP FLIM; Leica Microsystems, Wetzlar, Germany).
Construction and certification of mixed tumor spheres with a series of ratios
Mixed tumor spheres were constructed via the pendant drop method. Mixed cell suspension (totally containing 1,000 cells) of 4T1 and 3T3 cells were collected in ratios of 3/1, 1/1, 1/3, and 1/5 to form cell aggregations on plate lid. After being transferred into wells and incubation for another 24 hours, all the formed spheres were photographed by an inverted fluorescence microscope (Olympus IX73; Olympus Corporation). For observing cell distribution, 3T3 cells were pre-marked with DiO before cell mixing. After spheres formation, they were observed under a confocal laser scanning microscope (TCS SP8 MP FLIM). 
Figure S5
Three random mice from five groups were selected to conduct IVIS spectrum at 2, 6, and 24 hours. Abbreviations: IVIS, in vivo imaging systems; DTX-Ms, docetaxel micelles; TC therapy, two-stage combination therapy; CC therapy, co-dose combination therapy.
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